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Due to the inherent higher sensitivity of ﬂuorescence detection than colorimetric detection, it is
necessary to screen out a suitable ﬂuorogenic substrate for G-quadruplex DNAzymes to improve the
sensitivities of G-quadruplex DNAzyme-based sensors. Herein, seven candidates were tested to
determine the possibilities of them as ﬂuorogenic substrates. Among these candidates, tyramine
hydrochloride gave the maximum signal-to-background ratio for the sensing systems with and without
G-quadruplexes, and thus was recommended as the ﬂuorogenic substrate for the sensors that are
developed on the basis of target-triggered G-quadruplex formation or destruction. 10-acetyl-3,7-
dihydroxyphenoxazine gave the maximum ﬂuorescence signal change between the sensing systems
without and with H2O2, thus was recommended as the ﬂuorogenic substrate for the sensors targeting the
detection of H2O2 or H2O2-related analytes. In a model system of G-quadruplex DNAzyme-based Cu2+
sensor, ﬂuorescence detection using tyramine hydrochloride as ﬂuorogenic substrate could decrease the
detection limit from 4 nM to 0.7 nM compared with the colorimetric detection.
& 2013 The Authors. Published by Elsevier B.V. Open access under CC BY license.1. Introduction
G-quadruplex DNAzymes, formed by nucleic acid G-
quadruplexes binding with hemin, can exhibit peroxidase-like
catalytic activity. Compared with traditional protein enzymes,
such as horseradish peroxidase (HRP), G-quadruplex DNAzymes
have the advantages of high thermal stability, cost-effectiveness
and ease of modiﬁcation. These advantages, combining with the
ﬂexibility of designing DNAzyme structure, make the DNAzymes
be widely utilized in developing bio-analytical platforms. So far, G-
quadruplex DNAzymes have been applied in analysis of metal ions
(Kong et al., 2010a; Li et al., 2009a, 2009c, 2010; Lin et al., 2011;
Zhou et al., 2010), DNA or RNA (Pavlov et al., 2004; Weizmann
et al., 2006; Xiao et al., 2004), small molecules (Zhang et al., 2010;
Li et al., 2007), proteins or enzymes (Li et al., 2008; Leung et al.,
2011), and other analytes successfully.
In these G-quadruplex DNAzyme-based sensors, colorimetric
detection is the most common detection strategy. In general,
G-quadruplex DNAzymes catalyze the H2O2-mediated oxidation of
2,2′-azinobis(3-ethylbenzothiozoline)-6-sulfonic acid (ABTS), andr B.V.
Medicinal Chemical
hina. Tel.: +86 22 23500938;
ong).
Open access under CC BY license.the product ABTS●+ can be easily detected by measuring its
absorbance at 420 nm (Li et al., 2009b). Although colorimetric
detection is easy to be operated, and low cost UV-visible spectro-
photometers make it acceptable by a broader spectrum of users, the
color fading caused by the disproportionation of ABTS●+ (Kong et al.,
2010b) and intrinsic lower sensitivity of colorimetric assay than
ﬂuorescence assay (Nakayama and Sintim, 2010) makes ABTS not a
perfect substrate for G-quadruplex DNAzymes. Screening a suitable
ﬂuorogenic substrate is still necessary for developing highly sensi-
tive G-quadruplex DNAzyme-based sensors.
Fluorescence assay has been widely used in HRP-based sensors
(Gorris and Walt, 2009; Ohta et al., 1992). G-quadruplex DNAzymes
share the similar structure with HRP and also have peroxidase-like
catalytic activity (Khan et al., 2009; Nakayama et al., 2011; Qiu et al.,
2011; Zhang et al., 2011; Zhou et al., 2009). However, most of the
ﬂuorogenic substrates of HRP are not suitable for G-quadruplex
DNAzyme-based sensors. The main reason is that free hemin can
also efﬁciently catalyze the oxidation of these substrates by H2O2.
Because most G-quadruplex DNAzyme-based sensors are developed
on the basis of formation or destruction of G-quadruplexes in the
presence of analytes, high catalytic ability of free hemin for ﬂuoro-
genic substrates will provide the sensors with high background
noises (Nakayama and Sintim, 2010). As a result, there has been no
widely accepted ﬂuorogenic substrate till now.
To screen out a suitable ﬂuorogenic substrate for G-quadruplex
DNAzymes, free hemin or G-quadruplex DNAzyme-catalyzed oxida-
tion reactions of seven candidate ﬂuorogenic substrates, which have
been used as ﬂuorogenic substrates of HRP or/and G-quadruplex
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tions. The feasibility of the selected substrate, which had the
maximum signal-to-background ratio, to enhance the sensitivity of
G-quadruplex DNAzyme-based sensors was also demonstrated.2. Experimental
2.1. Materials and reagents
The oligonucleotides (GatG4: 5′-TGGGTAGGGCGGGTTGGGAAA;
CatG4-M: 5′-TGTGTAGTGCGTGTTGTGAAA; Cu-S: 5′-TCCCAACATAACA-
TATGCTTCTTTCTAATACGGCTTACCTGGGATGGGCGGGTTGGGA; Cu-E:
5′-GGTAAGCCTGGGCCTCTTTCTTTTTAAGAAAGAAC) were purchased
from Sangon Biotech. Co. Ltd. (Shanghai, China). The concentrations
of the oligonucleotides were all represented as single-stranded
concentrations. Single-stranded concentration was determined by
measuring the absorbance at 260 nm. Molar extinction coefﬁcient
was determined using a nearest neighbor approximation (http://
www.idtdna.com/analyzer/Applications/OligoAnalyzer). H2O2, Triton
X-100, hemin, Tris (tris(hydroxymethyl) aminomethane), HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), tyramine hydro
chloride (tyramine HCl), ADHP (Amplex Red, 10-acetyl-3,7-dihydrox-
yphenoxazine), HPPA (3-(4-hydroxyphenyl) propionic acid), MTCCA
(1-methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid), VB1 (thia-
mine hydrochloride), HVA (homovanillic acid, 4-hydroxy-3-metho-
xyphenylacetic acid), H2DCFDA (2′,7′-dichlorodihydroﬂuorescein dia-
cetate) and the used metal salts (NaCl, KCl, NH4Cl, Cu(NO3)2, Cd(NO3)2,
Co(NO3)2, CaCl2, Fe(NO3)3, Ni(NO3)2, ZnCl2, Pb(NO3)2, Hg(Ac)2, MgCl2,
MnCl2) were all obtained from Sigma. All chemical reagents were
analytical grade and used without further puriﬁcation. The stock
solutions of 10 mM tyramine HCl, HPPA, VB1, HVA in distilled water
were stored at 4 1C. The stock solutions of 10 mM MTCCA, 4 mM
ADHP, 1 mM H2DCFDA and 50 μM hemin were prepared in dimethyl-
sulfoxide (DMSO) and stored at −20 1C.
2.2. Comparison of ﬂuorogenic substrates by ﬂuorescence analysis
Taking tyramine HCl as an example, DNA solution (0.1 μM
CatG4) was prepared in 50 mM Tris–HCl buffer (pH¼7.5) contain-
ing 200 mM NH4+ and 0.002% (v/v) Triton X-100. In order to
ensure the formation of G-quadruplex structure, the mixture was
heated at 95 1C for 5 min, then cooled to 25 1C slowly and
incubated at 25 1C for 30 min. Then, 20 nM hemin was added
and the solution was incubated at 25 1C for another 30 min.
0.7 mM tyramine HCl and 0.2 mM H2O2 were added. The total
volume of the mixture was 100 μL and all the concentrations
mentioned above were ﬁnal values. The ﬂuorescence emission
spectrum was recorded by a RF-5301PC ﬂuorescence spectro-
photometer (Shimadzu, Japan) after the reaction had run for
5 min. The emission intensity at 410 nm (λex¼316 nm) was used
for quantitative analysis. The slit sizes, excitation wavelengths and
emission wavelengths of the seven candidate ﬂuorogenic sub-
strates were listed in Table 1, respectively. All experiments were
performed in triplicate.
2.3. Fluorescence “turn-on” Cu2+ detection using tyramine HCl
as G-quadruplex DNAzyme ﬂuorogenic substrate
The DNA mixture was prepared by mixing 0.2 μM of the enzyme
strand (Cu-E) and 0.2 μM of the substrate strand (Cu-S) in 25 mM
HEPES buffer solution (pH¼7.4) containing 200 mM NaCl and
0.002% (v/v) Triton X-100. The mixture was heated at 95 1C for
5 min, then cooled to 25 1C slowly and incubated for 1 h to ensure
the annealing between the enzyme and substrate strands. Then,
50 μM ascorbic acid and different concentrations of Cu2+were added.Cu2+-mediated substrate strand cleavage reaction was conducted at
25 1C for 20 min. Then 1 μM hemin was added and the mixture was
incubated at 25 1C for another 1 h. Afterward, 0.7 mM tyramine HCl
and 2 mM H2O2 was added with a ﬁnal volume of 100 μL. The
ﬂuorescence emission spectra were recorded by a RF-5301PC ﬂuor-
escence spectrophotometer after the reaction had run for 5 min, and
the emission intensity at 410 nm was used for quantitative analysis.
All experiments were performed in triplicate.3. Results and discussion
3.1. Seven candidates for the selection of ﬂuorogenic substrate
In this study, seven compounds, including tyramine HCl, HPPA,
HVA, ADHP, MTCCA, VB1 and H2DCFDA (Fig. 1B), were used as
candidates to select a suitable ﬂuorogenic substrate for G-quad-
ruplex DNAzymes. It has been proved that phenolic compounds
(tyramine HCl, HPPA and HVA) can be oxidized to dimeric phenols
by H2O2 with the catalysis of G-quadruplex DNAzyme or HRP (Fig.
S1) (Nakayama and Sintim, 2010). G-quadruplex DNAzyme-cata-
lyzed oxidation of ADHP will produce Amplex Red radical, which
can subsequently transfer to ﬂuorescent resoruﬁn through dismu-
tation (Gorris and Walt, 2009). In the presence of peroxidase-like
G-quadruplex DNAzymes, non-ﬂuorescent H2DCFDA, VB1, MTCCA
can be oxidized into highly ﬂuorescent dichloroﬂuorescein, thio-
chrome,
1-methyl-beta-carboline respectively (Bobbitt and Willis, 1980;
Li et al., 2003; Zhou et al., 2009). Overall, all of these seven
compounds have been reported as ﬂuorogenic substrates of perox-
idase, and some of them have been used in G-quadruplex DNA-
zyme-based sensors.
3.2. Optimization of reaction conditions for the seven ﬂuorogenic
substrates
Most G-quadruplex DNAzyme-based sensors are designed on the
basis of target-triggered formation or destruction of G-quadruplex
structures, which can bind hemin to form peroxidase-like G-quad-
ruplex DNAzymes. To obtain maximum signal-to-background ratio
(F/F0), the background noise (F0), which is generated from free
hemin-catalyzed oxidation of the candidate ﬂuorogenic substrate,
should be controlled at a low level. At the same time, the detection
signal (F) that is generated from G-quadruplex DNAzyme-catalyzed
sensing system, in which the G-quadruplex concentration is closely
related to the amount of the detection target, should be as large as
possible (Fig. 1A, Route I). Every candidate substrate has its own
optimal reaction conditions. In order to equitably assess the feasi-
bility of these seven candidates to be used as ﬂuorogenic substrates
of G-quadruplex DNAzymes, their individual optimal reaction con-
ditions, including hemin concentration, buffer pH value, monovalent
cationic ion type (NH4+/K+) and concentration, were investigated
using F/F0 as criterion. The experimental details are shown in Figs.
S1–S7. In these experiments, CatG4, a G-rich oligonucleotide that has
been widely used in G-quadruplex DNAzyme studies, was used to
form peroxidase-like G-quadruplex DNAzyme with hemin.
The selected optimal conditions are listed in Table 1. The best pH
value of these seven candidates were within the range of 7.0–8.0,
which are all near physiological pH (pH≈7.4), thus greatly increasing
the possibilities of these candidates to be used in G-quadruplex
DNAzyme-based biosensors. Nakayama et al. demonstrated that
NH4+ can increase the turnover numbers of G-quadruplex DNA-
zymes and enhance the initial rates of G-quadruplex DNAzyme-
catalyzed reactions (Nakayama and Sintim, 2009, 2010). Herein, we
found that the reaction systems using these candidates as ﬂuoro-
genic substrates could also gave larger F/F0 values in the presence
Table 1
Individual instrument conditions and optimal reaction conditions for the seven candidate ﬂuorogenic substrates and their use in CatG4 detection.
Tyramine HCl HPPA HVA ADHP MTCCA VB1 H2DCFDA
Instrument conditions Ex slit (nm) 5 5 5 1.5 5 10 3
Em slit (nm) 5 5 5 3 5 10 3
λex (nm) 316 313 309 558 345 366 506
λem (nm) 410 412 425 585 436 439 525
Optimized reaction conditions Chemin (nM) 15 25 100 20 20 200 100
pH 7.5–8.0 7.5 7.5–8.0 7.0 7.5 8.0 7.8
Monovalent NH+4 NH+4 NH+4 NH+4 NH+4 NH+4 NH+4
cationic ion 200 mM 250 mM 200 mM 200 mM 250 mM 250 mM 250 mM
Reaction time (min) 5 1.5 2 1.5 3 3 2.5
CatG4 detection Linear range (nM) 1–70 3–100 10–100 2–100 5–100 2–100 2–200
LOD (nM) 0.18 0.70 2.0 0.34 1.7 1.4 0.50
Fig. 1. The candidate ﬂuorogenic substrates and the strategies for their evaluation. (A) Two routes for screening ﬂuorogenic substrate. (B) Structures of the candidate
ﬂuorogenic substrates used in study.
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escence signal change of the sensing system. The insert shows the F/F0 change over
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data. This ﬁgure shows the representative result of the sensing system using
tyramine HCl as ﬂuorogenic substrate. The results of other six candidate ﬂuorogenic
substrates were shown in Fig. S10. (b) Selectivity of the ﬂuorescent sensors for
CatG4 detection. The concentrations of CatG4 and CatG4-M were both 0.1 μM. All
experiments were performed in triplicate.
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a certain amount of K+ or Na+ to make a mixture of NH4+/K+ or
NH4+/Na+ had no inﬂuence on the F/F0 values compared with that
containing NH4+ only (Fig. S8). This result suggested that the
presence of K+ or Na+ will not affect the use of these ﬂuorogenic
substrates in G-quadruplex DNAzyme-based sensors, thus will not
limit the application scope of corresponding sensors.
3.3. Time-dependent oxidation of the candidate ﬂuorogenic
substrates
As for the sensors that are developed on the basis of target-
triggered formation of G-quadruplex DNAzymes, the signal of the
sensing system containing free hemin but without G-quadruplexes
should be considered as the background signal. To obtain the
maximum signal-to-background ratio, the background should be
controlled at a low level. That is to say, a perfect ﬂuorogenic
substrate should be non-reactive with H2O2 in the presence of free
hemin but can be efﬁciently catalyzed by G-quadruplex DNAzymes
(Fig. 1A, Route I). To compare the possibilities of these seven
candidates to be used as ﬂuorogenic substrates of G-quadruplex
DNAzymes, the time-dependent ﬂuorescence signal changes of
individual candidate/H2O2 reaction systems in the presence of free
hemin or CatG4/hemin complex were compared (Fig. S9). All of
these candidates could be oxidized by H2O2 in the presence of free
hemin, accompanied by the background ﬂuorescence increase.
Among these candidates, tyramine HCl, HPPA and VB1 could give
stable background after the reaction had run for 1 min. However,
the background ﬂuorescence of the reaction systems containing
HVA, ADHP, MTCCA or H2DCFDA increased continuously even after
5 min. In the presence of CatG4/hemin complex, much more
signiﬁcant time-dependent ﬂuorescence increase was observed
for all the seven candidates. Except MTCCA and H2DCFDA, other
ﬁve could give stable ﬂuorescence signals when the reactions had
run for 5 min. Among these seven candidates, tyramine HCl gave
the maximum signal-to-background ratio (F/F0¼15.3). ADHP gave
the second large one (F/F0¼8.04). But because free hemin-
catalyzed ADHP could not give a stable background in 5 min, the
maximum F/F0 value was obtained at about 1.5 min. After that, the
F/F0 value continuously decreased with reaction time. That is to
say, detection time must be strictly controlled when ADHP was
used. Taking above-mentioned facts into consideration, we recom-
mend tyramine HCl as the ﬂuorogenic substrate for the sensors
that are developed on the basis of target-triggered G-quadruplex
formation or destruction.
3.4. Fluorescent detection of the model G-quadruplex CatG4
For the G-quadruplex DNAzyme-based sensors that are developed
on the basis of target-triggered G-quadruplex formation or destruc-
tion, the target concentration is closely related to that of the G-
quadruplex in the sensing system. In order to prove that the candidate
ﬂuorogenic substrates can be used for G-quadruplex DNAzyme-based
sensor design, the sensitivities of G-quadruplex detection using these
candidates as ﬂuorogenic substrates were compared. In these experi-
ments, CatG4 was used as a model G-quadruplex. In each sensing
system, CatG4 concentration-dependent ﬂuorescence increase was
observed at the low concentration range, and reached a plateau at last
(Fig. 2a and Fig. S10). A linear relationship was observed over a certain
CatG4 concentration range. On the basis of 3s/S (s is the standard
deviation of the blank samples, S is the slope of the calibration curve),
the limits of detection (LOD) were calculated (Table 1). Among these
seven ﬂuorogenic substrates, tyramine HCl gave the highest signal-to-
noise ratio and the lowest LOD (0.18 nM). This result further demon-
strated that tyramine HCl would be the best choice for G-quadruplex
DNAzyme-based ﬂuorescent sensors.For a reliable assay, it is necessary to demonstrate that the ﬂuo-
rescence increase is really caused by the presence of G-quadruplex
rather than other DNA sequences. To demonstrate this, we
designed CatG4-M. CatG4-M is a variant of CatG4, it cannot fold
into a G-quadruplex structure. As expected, CatG4, which could
coordinate with hemin to form catalytic G-quadruplex DNAzyme,
made the ﬂuorogenic substrates be oxidized into ﬂuorescent
products, accompanied by the ﬂuorescence increase of corre-
sponding reaction systems. On the contrary, the same concentra-
tion of CatG4-M nearly had no effect on the oxidation reactions as
the ﬂuorescence intensities remained unchanged compared with
the blank controls containing free hemin only (Fig. 2b). That is to
say, the ﬂuorescence increase of the sensing system is CatG4-
speciﬁc, thus demonstrating that these ﬂuorogenic substrates can
be applied into G-quadruplex DNAzyme-based sensors.
3.5. Application of tyramine HCl in G-quadruplex DNAzyme-based
Cu2+ sensor
According to the experimental results mentioned above, tyra-
mine HCl was recommended as the ﬂuorogenic substrate for the
sensors that are developed on the basis of target-triggered G-quad-
ruplex formation or destruction. The above experiments used CatG4
as a model G-quadruplex. In fact, G-quadruplex DNAzymes are
360 380 400 420 440 460 480 500
0
100
200
300
400
500
600
wavelength(nm)
Cu2+
Fl
uo
re
sc
en
ce
0 200 400 600 800 1000
0
100
200
300
400
500
600
0 50 100 150 200
0
2
4
6
8
10
12
14
F/
F 0
Fl
uo
re
sc
en
ce
Cu2+ Concentration (nM)
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teins, DNA, RNA and other analytes. So it is necessary to demon-
strate that tyramine HCl can also be used in complicated analysis
cases. To demonstrate this, we used a G-quadruplex DNAzyme-
based Cu2+ sensor, which was reported by us recently (Zhang et al.,
2012), as a model, the feasibility of using tyramine HCl in such a Cu2
+-sensing system was demonstrated. The working mechanism of
this Cu2+ sensor was shown in Fig. 3a. The substrate strand (Cu-S)
containing G-rich sequence folds into an intramolecular stem-loop
structure, so that the G-rich sequence is partly caged in the double-
stranded stem and cannot form G-quadruplex. The enzyme strand
(Cu-E) associates with the substrate strand through a triple-helix
region and a double-helix region to form substrate/enzyme com-
plex. In the presence of Cu2+, the substrate strand is cleaved at the
cleavage site. Stable intramolecular stem-loop structure transfers to
less stable intermolecular duplex structure, resulting in the release
of the G-rich sequence and the formation of G-quadruplex. The G-
quadruplex binds with hemin to form G-quadruplex DNAzyme,
which can catalyze the oxidation of tyramine HCl by H2O2, thus
leading to the increase of ﬂuorescence intensity.
As shown in Fig. 3, the ﬂuorescent intensity of the sensing system
increased with Cu2+ concentration at low concentration range, and the
growth slowed down above 500 nM. A linear relationship (R2¼
0.9941) was observed over a range of 2–200 nM. The detection limit
(3s/S) was calculated to be 0.7 nM. Considering that the presence of
NH4+ could decrease the effective concentration of Cu2+, Na+was used
instead of NH4+ in this Cu2+-sensing system. Despite the fact that this
is not the optimal condition for tyramine HCl, the detection limit given
by ﬂuorescent detection was also lower than our reported one (4 nM)
when used ABTS as the colorimetric substrate, demonstrating that the
use of ﬂuorogenic substrate can really improve the sensitivity of G-
quadruplex-based sensors. Compared with the other ﬂuorescence-
based sensors for Cu2+, this method using tyramine HCl was also
outstanding for the sensitivity (Zhao et al., 2009; Liu and Lu, 2007;
Wen et al., 2006; Qin et al., 2010; Wu and Anslyn, 2004) (Table S1).
This G-quadruplex DNAzyme-based ﬂuorescent Cu2+ sensor also
displayed high selectivity against other metal ions. To demonstrate
this, other 10 metal ions were individually added to the sensor
solution, and ﬂuorescence signal in the absence or presence of Cu2+
was measured. As shown in Fig. S11. In the absence of Cu2+, none of
the tested metal ions could result in obvious ﬂuorescence signalincrease. When 0.2 μM of Cu2+ and 2 μM of another metal ion were
both added to the sensor solution, except that the solution contain-
ing Fe3+ and Cu2+ gave a little higher ﬂuorescence signal, the
ﬂuorescence signals of other solutions all increased to levels similar
to that given by Cu2+ alone, suggesting that the presence of these
metal ions would not interfere the detection of Cu2+. The inter-
ference of Fe3+ was also found in our reported G-quadruplex
DNAzyme-based Cu2+ sensor using ABTS as colorimetric substrate
(Zhang et al., 2012), it may come from the effect of Fe3+ on the
Cu2+-triggered cleavage of the substrate strand, but not from the
effect on the oxidation of tyramine HCl by H2O2.
3.6. Fluorogenic substrate screening for G-quadruplex DNAzyme-
based sensors targeting detection of H2O2 or H2O2-related analytes
Some G-quadruplex DNAzyme-based sensors aim at detection of
H2O2 or H2O2-related analytes. A good example is G-quadruplex
DNAzyme-based glucose oxidase sensor (Golub et al., 2011). For
these sensors, the signals of the sensing systems without H2O2
should be considered as backgrounds (Fig. 1A, Route II). Correspond-
ingly, the screening criterion of ﬂuorogenic substrates should be
different from that mentioned above. Therefore, ﬁxing the concen-
trations of CatG4, hemin and individual ﬂuorogenic substrates, the
ﬂuorescence signals of the sensing system with and without H2O2
were compared (Fig. 4). Among these ﬂuorogenic substrates, ADHP
gave the maximum ﬂuorescence signal change (ΔF), and H2DCFDA
gave the second large one. Considering that ADHP has a fast reaction
kinetic (Fig. S9) and could give a large ﬂuorescence signal change in a
short time, we recommend it as the ﬂuorogenic substrate for G-
quadruplex DNAzyme-based sensors targeting the detection of H2O2
or corresponding analytes. The sensitivity of H2O2 detection using
ADHP as ﬂuorogenic substrate was tested. As shown in Fig. S12, the
ﬂuorescence signal increased with the increasing concentration of
H2O2, and a good linear relationship (R2¼0.9944) between ﬂuores-
cence signal and H2O2 concentration was observed over a range of
0.02–2 μM. The detection limit (3s/S) was estimated to be 14 nM,
which was much lower than that of the colorimetric assay using
ABTS as colorimetric substrate (Nakayama and Sintim, 2010). The
experiments mentioned above showed that G-quadruplex DNA-
zyme-catalyzed H2DCFDA-H2O2 reaction had a slow reaction kinetic
(Fig. S9), the ﬂuorescence signal could not reach a stable level in
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prolonging reaction time, H2DCFDA could give a large ﬂuores-
cence signal change. The ﬂuorescence emitted by G-quadruplex
DNAzyme-catalyzed H2DCFDA oxidation system could even be
observed by the naked eyes under room-light (Fig. S13). That is to
say, H2DCFDA can be used for H2O2 and corresponding analytes
detection when fast detection is not required.4. Conclusion
For screening a suitable ﬂuorogenic substrate for G-quadruplex
DNAzyme-based sensors, G-quadruplex DNAzyme-catalyzed oxi-
dations of seven candidates were compared by recording corre-
sponding ﬂuorescence signal change. Among these candidates,
tyramine HCl gave the maximum signal-to-background ratio for
the sensing systems with and without G-quadruplexes, and thus
was recommended as the ﬂuorogenic substrate for the sensors
that are developed on the basis of target-triggered G-quadruplex
formation or destruction. ADHP gave the maximum ﬂuorescence
signal change between the sensing systems with and without
H2O2, thus was recommended as the ﬂuorogenic substrate for the
sensors targeting the detection of H2O2 or H2O2-related analytes.Acknowledgment
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